Successful crop production depends initially on the availability of high-quality seed. Seed viability and vigour of four kenaf varieties during storage were investigated. Seeds of each variety were packed inside thick polythene bags and kept in Seed Stores under ambient conditions in two storage locations (Federal University of Agriculture, Abeokuta (FUNAAB) (29.8°C, 59.10 RH%) and Institute of Agricultural Research and Training, Ibadan (27.5°C, 64.68 RH%) for 240 days (8 months). Seeds were sampled during storage at 0, 60, 120, 180 and 240 days and tested for seed viability and seedling vigour index. Data collected on seed viability and seedling vigour were analyzed using ANOVA, mean separation using Duncan Multiple Range Test at 5% probability level and PROBIT analysis. The results showed differential responses in the two quality traits due to differences in storage location and varieties. Ibadan storage location provided more favourable conditions for higher seed quality compared to Abeokuta location while Ifeken 400 and Tianung had the best storage potential. The study showed that under ambient humid tropical conditions, storage period should not exceed 180 days (6 months) in order to maintain higher physiological quality with little or no cost. The PROBIT result revealed that the highest seed shelf life (longevity) of kenaf seeds of 8 to 9 months was derived for seeds of Ifeken 400 and Tianung stored in Ibadan and Abeokuta. The shortest shelf life of 6 months was estimated for Ifeken 100 stored in both locations.
INTRODUCTION
In Nigeria, kenaf (Hibiscus cannabinus L.) is a drought resistance crop with relatively wide range of adaptation, which ranges from wide range of soil types, good tolerance to salinity, water stress and logging. It's susceptible to climate extremes and to pests and diseases (Aimin, 2006) . Kenaf is a veritable source of making strong ropes for drawing water from wells. Due to its extensive and multifarious uses, kenaf has remained one of the most useful materials to both local farmers and agro-allied industrialists.
However, owing to its numerous uses, many attractive incentives were offered to farmers in Nigeria to encourage them to grow the crop. But the crop subsequently witnessed a set back because the interest of farmers to grow kenaf diminished as a result of instability of market prices and apparent glut in the market due to serious competition with imported product. In recent times, rehabilitation of kenaf production, processing and utilization is on increase, but there is a problem of low quality seed available for the farmers due to lack of information on kenaf storage physiology.
Longevity of seeds in storage is a good indicator of seed viability and vigour in many crops (Ellis and Robert, 1980; Robert 1983; Adebisi et al., 2003 and Adebisi et al., 2008) . It is already well known that seed longevity is a function of storage temperature and seed moisture content (Harrington, 1972; Roberts, 1973) , stress before seed storage and initial seed quality (Ellis and Roberts, 1980) , genetic male-up and pest and pathogen damages in storage.
Seeds are stored for few days, weeks, months or year during which it deteriorates, moving inexorably towards death (Greg et al., 1994) . Kenaf seeds, being high in oil content, are prone to seed deterioration if improperly kept. Maintenance of vigour and viability in oil seeds is a major constraint to kenaf production particularly under unfavourable conditions of storage. Even in good storage, the signs of physiological deterioration in terms slower germination and reduced seedling growth of carry-over seeds are apparent (Ramamothy, 1989) . However, even when care is taken during storage, deterioration occurs at variable speed and intensity, according to the initial physiological quality of the seeds and the storage environment. Such differences have been revealed in the storability of soybean (Thseng et al., 1996) , Nkang and Umoh 1996; Adebisi et al., 2004; Akintobi et al., 2006) . The ability to forecast seed deterioration is enormous for the proper management of seed longevity in stores and germplasm repositories loss in seed quality as well as deterioration. It also helps in decision supports in the gene bank management. Robert (1973) developed model based on negative cumulative normal distribution pattern of seed deterioration at specified storage conditions.
Kenaf production in south west Nigeria is hampered by the speed with which the seed lose their viability when expose to warm, moist air that characterizes ambient humid climate. To arrest the rapid rate of seed deterioration under the prevailing adverse storage conditions, seeds are maintained in dry cool condition store for conservation of genetic resources, a facility that is expensive, uneconomical and unaffordable by the poor resource farmers. This renders kenaf seed storage an expensive venture. Hence, it is imperative to determine the storage life of kenaf seed under the prevailing ambient conditions in south-western, Nigeria for better management of kenaf genetic resources.
The objectives of the study, therefore, were to determine the effect of storage duration on viability and seedling vigour of seeds of four kenaf varieties stored under ambient storage conditions and to estimate seed longevity of four kenaf varieties under ambient storage conditions using probit modelling.
MATERIALS AND METHODS

Seed Materials
Four kenaf varieties (Ifeken 100, Cuba 108, Tianung and Ifeken 400) obtained from the freshly harvested seed at the Seed Unit of Institute of Agricultural Research and Training (IAR&T), Moor plantation, Ibadan were utilized for this study. Ifekan 100 and 400 are local varieties while Cuba 108 and Tianung are exotic varieties. These varieties are commonly grown in Nigeria and they have been found to be promising with high fibre and seed yield. Nothing was known about the storage performance of these varieties.
Initial Seed Quality Assessment
Freshly harvested seed samples from each variety were further cleaned, sorted and tested for initial seed quality (seed germination and moisture content). Germination test was performed on three sub-samples of 100 seeds placed in a paper towel moistened with 10mls of distilled water inside 11 cm diameter Petri-dishes and germinated at 25°C in an incubator (Table 1) . Percent germinated seed were determined after 7 days (ISTA, 1995) , and the following results were recorded; Ifeken 100 (78%); Tianung (76%), Cuba 108 (80%) and Ifeken 400 (75%). Also initial seedling vigour index was also calculated using Kim et al. (2002) formula and seedling vigour values of 35.6, 35.5, 34.2 and 33.8 were recorded for Ifeken 100, Cuba 108, Tianung and Ifeken 400 respectively. Moisture content (MC) was determined using John Wilkey apparatus of determination of seed moisture. A 200g seed of each variety in two replicates were placed into the apparatus cup and seed moisture content values were recorded in percentages. The MC ranged from 10.5% for Cuba 108 to 11.3% for Ifeken 100 while Ifeken 400 and Tianung had MC of 11.0 and 10.8% respectively.
Experimental Design
The study was a factorial experiment in a completely randomized design with three factors (storage location, variety and storage durations). There were 64 treatments (two storage locations, four varieties and eight storage durations) which were replicated three times.
Seed Storage
Seeds of each variety were divided into two seed lots of 400 g each. Each seed lot was placed inside thick polythene bags (15 x 
Seed Quality Assessment
Seed samples were taken from each polythene bag from each storage location for seed quality evaluation at 30-day interval for a period of 240 days. Sampled seeds were then subjected to following laboratory tests:
Seed viability
Seed germination test was used to determine viability of the seeds. Three sub -samples of 100 seeds were placed on moisture paper towel with 10 ml of distilled water inside petri-dishes and germinated at 25°C in an incubator at the laboratory of Department of Plant Breeding and Seed Technology, FUNAAB. Germination count for normal seedlings was expressed as percentage viable seeds for each variety.
Seedling Vigour Index (SVI)
The test was carried out together with the germination test previously described. Five normal seedlings were randomly selected from a replicate for measuring seedling length. Seedling vigour index (SVI) was then calculated using Kim et al. (1994) formula as reported by Adebisi, (2004) thus:
Data Analysis
Data on seed viability involving percentage were transformed using angular transformation (arcsine = √Sin -¹). Analysis of variance was computed on each of the two traits and significance treatment means were determined based on Duncan multiple range test at 5% probability level (Duncan, 1955) . In order to predict the storage life of the seeds, PROBIT analysis was carried out on seed viability data obtained in the study.
The PROBIT analysis of mean percentage seed viability data was done with SAS™ PROC PROBIT statements that first sorted the data by variety and storage location. Seed viability parameters were estimated from the procedure based on eight viability test data point for each location. Estimates of intercept (time = 0) of the seed survival line, slope i.e. rate of seed determination (l/s) and time taken for seed ageing to decline to 50% viability (P 50 ) were estimated by the PROBIT procedure for each seed lots. Seed shelf life was estimated as half life (P 50 ) value multiplied by 2 then divided by the 30 days of a month. Table 1 show the summary of analysis of variance for seed viability, field emergence and seedling vigour index evaluated under two storage locations and eight storage periods in four kenaf varieties. The data showed that the effects of storage, location, storage duration, and variety were highly significant (P ≤ 0.01) on seed viability and field emergence. However, the effect of storage duration was highly significant on the seedling vigour index whereas location and variety recorded non-significant effects on the seedling vigour index of stored kenaf seed. Also, the interaction effects of storage location and storage duration on viability, field emergence and seedling vigour index were significant. The interactions of location and variety, as well as storage duration and variety were highly significant (P ≤ 0.01) on seed viability, field emergence and seedling vigour index. The three way interaction effects of location, storage duration and variety were highly significant (P ≤ 0.01) on the three seed quality traits examined. Table 1 Summary of analysis of variance for the seed viability and vigour evaluated under two storage locations and eight storage periods in four kenaf varieties ** Significant at 1% level of probability; ns-not significant
RESULTS
Results in
Results of seed viability tests of four kenaf varieties stored in two storage locations for 240 days under ambient conditions are presented in Table 2 . Differences in varieties response to the storage locations were apparent. At 30 days of storage, Ifeken 400 seeds stored in Ibadan location retained the highest viability value of 83% compared to other varieties, closely followed by Tianung seeds stored in Abeokuta (77%) and Ifeken 100 seeds stored in Ibadan location (75%). However, at 60 days of storage, Ifeken 400 seeds stored in Ibadan location had highest seed viability value of 73% as well as Ifeken 100 seeds stored in Abeokuta location. Tianung and Ifeken 400 seeds stored at Abeokuta and Ibadan locations, respectively, recorded the highest seed viability data above other varieties at 90 days of storage. At 120 and 150 days of storage, Ifeken 400 seeds stored in Ibadan location recorded the highest seed viability (62% and 59%,) though was similar to viability values retained with Ifeken 100 seeds in Ibadan location (61%), Tianung and Ifeken 400 seeds in Abeokuta location (61%). At the end of 180 and 210 days of storage, seeds of Ifeken 400 stored in Ibadan location had the highest seed viability of 58 and 53%, respectively whereas after 240 days of storage, there was a sharp decline in seed viability to less than 50%, irrespective of storage location and variety. Two varieties (Ifeken 400 (43%) and Tianung (40%) stored in Ibadan location had the highest viability at the end of storage (240 days). Mean followed by the same letter along the same column are not significantly different from one another at 5% level of probability Table 3 shows the results of seedling vigour tests of four kenaf varieties stored in two storage locations for 240 days under ambient conditions. At 30 days of storage, it was clearly revealed that seed lots of Ifeken 400 stored at the two locations retained the highest seedling vigour index of 37.00, though not significantly different from seedling vigour value of Ifeken 100 seed lot stored in Ibadan (36.00). However, at 60 days of storage, Ifeken 400 seeds stored in Ibadan and Tianung seeds stored Abeokuta retained highest seedling vigour of 35 and 34, respectively, closely followed by Cuba 108 and Ifeken 100 seeds stored in Abeokuta location. Cuba 108 and Ifeken 400 seeds stored in Abeokuta and Ibadan, respectively, gave the highest seedling vigour values above other varieties at 90 days of storage. After 120 days of storage, Cuba108 and Tianung seeds stored at Abeokuta and Ibadan, respectively recorded highest seedling vigour values. At 150 and 180 days of storage, Cuba 108 seeds stored in Ibadan consistently recorded highest seedling vigour value of 23 and 18, respectively. By 210 days of storage, Cuba108 and Ifeken 100 seeds stored in Abeokuta gave significantly highest seedling vigour index of 13 and 12 above other varieties. Similarly, after 240 days of storage, Tianung, Ifeken 100 and Cuba 108 seeds stored in Abeokuta recorded highest seedling vigour of 7.00, 6.00 and 6.00, respectively. Means followed by the same letter along the same column are not significantly different from one another at 5% level of probability Table 4 shows the results of PROBIT analysis for the kenaf seed viability (longevity) data after storage in two locations under ambient conditions. The PROBIT programme gave values of intercepts, slopes and half life (P 50 ) while the storage life values in months were calculated. The values of intercept estimates of initial PROBIT viability and measure of seed viability before storage were generally higher in all locations for each of the varieties except with Ifeken 100 at Ibadan location. This corroborates the actual seed viability before storage of seed lots. The result also shows the negative values of estimates of slope of the seed viability data for all the seed lots, revealing a certain degree of deterioration in the seed lots, irrespective of variety and storage location. On the magnitude of negative slope values, Ifeken 100 and Cuba 108 stored in Ibadan location and Ifeken 400 stored in Abeokuta location recorded significant higher rates of deterioration than other seed lots. However, significant lower rates of seed deterioration were showed by Tianung and Ifeken 400 stored in Ibadan location. It must be noted from Table 2 , that percentages seed viability of Tianung and Ifeken 400 were significantly higher over other seed lots at each storage period in Ibadan location. On the half life (P 50 ) and storage shelf life estimates, Ifeken 400 and Tianung seeds stored in Ibadan location recorded the highest P 50 value of 140 days and storage shelf life of 9.32 and 9.33 months, respectively compared to other seed lots. Seeds of Cuba 108, Tianung and Ifeken 400 stored in Abeokuta location, as well as Cuba 108 and Ifeken 400 stored in Ibadan location gave a storage shelf life of above 7 
DISCUSSION
Several authorities in the field of seed science have identified seed viability and seedling vigour index as components of any assessment of seed quality. In the present study, considerable variation occurred among varieties, storage durations and between storage locations for seed viability and seedling vigour index of kenaf. The result also showed that variety, storage location and duration interacted to induce considerable variation in seed viability and seedling vigour index. The significant differences observed among the varieties were mostly due to genetic make-up of the varieties considered, suggesting that there is an opportunity for selection of variety with superior seed quality performance. This view was supported by Adebisi and Ajala, (2000) , Kehinde et al. (2005) and Ola, (2008) who observed differences in seed quality of tropical soybean, West African Okra and sesame varieties respectively.
Kenaf seed undergoes various modifications during growth, development, maturation and storage. Therefore, deterioration, a progressive process of ageing, cannot be overlooked, though its speeds differ among seed lots (Ola, 2008 a more favourable storage conditions (with average temperature of 27.5°C and relative humidity of 64.68%) for higher seed viability and seedling vigour index compared to Abeokuta location (with average temperature of 29.8°C and relative humidity of 59.10%). It was revealed from the study that kenaf seeds differed in their seed viability response to period of storage, indicating varietal differences in kenaf when under storage. Seed viability response, irrespective of variety, gradually declined with increase in storage days and Ifeken 400 had a distinct peak of seed viability, probably due to genetic make-up, closely followed by Tianung. A sharp decline in viability after 180 days was observed suggesting that kenaf seed storage under ambient conditions should not exceed 180 days (6 months) for the maintenance of maximum seed viability, irrespective of storage location. Kenaf seed, being high in oil content, has problem with its storage and vigour deterioration will be comparatively high. This study showed that as storage days increased seedling vigour index of varieties was found to decline due to the effect of intrinsic deterioration process enhanced by the ambient storage conditions. Variations occurred in seedling vigour index among the kenaf varieties at each of the storage days. Superior seedling vigour was obtained at 120 days of storage with Cuba108, followed by Tianung and Ifeken 100. However, the varieties still had considerable high vigour quality at 180 days of storage. Therefore, storage period for the kenaf varieties should not exceed 180 days in order to maintain high seedling vigour as well as seed viability and field emergence under ambient conditions, irrespective of storage location. However, it is interesting to note that seeds of Ifeken 400 and Tianung stored in Ibadan location had the highest viability at the end of the storage (240 days) with moderately high seedling vigour.
The result of the PROBIT modelling of seed longevity of kenaf seeds stored in the two locations revealed differences in estimates of intercepts and slopes, indicating significant reduction in seed longevity of kenaf, irrespective of storage duration examined. Reports of variety and seed lot differences in potential seed longevity among varieties of different species were reported by Zanakis et al., (1993) ; Raheem, (2006) and Adebisi et al., 2008) . This result may not conclude superiority in seed longevity among the varieties since the seed intercept attribute is a seed lot parameter as reported by Ellis and Roberts (1980) but confirmed that seed deterioration rate and eventual seed storage life is dependent on the initial viability of seed moved into storage. Demir and Ellis (1992) , Zanakis et al., (1993) and Adebisi et al., (2008) have pointed out in their works that the higher the quality of a seed put into storage, the longer the expected seed shelf life. In this study, Tianung and Ifeken 400 seed lots stored under ambient conditions in Ibadan location showed significant longest storage life than other seed lots. However, other seed lots stored in either Abeokuta or Ibadan showed storage life of 7 months and above except seed lot of Ifeken 100 stored in Ibadan or Abeokuta location which had a storage life of 6 months.
In conclusion, when preserving kenaf seeds, consideration should be given to the storage location, variety and storage duration. Kenaf seeds should be properly stored in order to reduce the level of deterioration and enhance higher seed quality. Kenaf seeds could be stored for up to six months before planting in ambient storage conditions and still maintain higher physiological quality with little or no cost. Two varieties, Ifeken 400 and Tianung, had superior storage potential over two other varieties. The PROBIT model result revealed that Tianung and Ifeken 400 seed lots stored under ambient conditions in Ibadan location showed significant longest storage shelf life (9 months) than other seed lots.
